Introduction
Recently, many papers have been published dealing with 2-arylhydrazononitriles as precursors to heteroaromatics (1Á6). Elnagdi et al. (7Á10) have reported efficient synthetic approaches to functionally substituted pyrazoles and 1,2,3-triazoles utilizing arylhydrazononitrile precursors. In the light of our recent interest in adopting green synthetic methodologies for the synthesis of functionally substituted heteroaromatics utilizing microwave (Mw) heating and ultrasound (Us) irradiation (11Á25), we aim in this work to report on the synthesis and utility of arylhydrazononitrile as precursors to 1,2,3-traizoles 7, 10, and pyrazole derivatives 13.
Results and discussion
Ethyl cyanoacetate (1) was reacted with a variety of aliphatic amines 2a Á d under Mw heating or Us activation to yield cyanoacetamides 3a Á d (Scheme 1).
Compounds 3a Á d were coupled readily with aromatic diazonium salts to yield the corresponding arylhydrazononitriles 4a Á i, in 67Á95% yields (Scheme 2 ). The structures of compounds 4a Á i were established on the basis of their elemental analyses and spectral data. 1 H NMR spectra of compounds 4a Á i showed a singlet signal in region 11.10Á14.97 ppm corresponding to the hydrazone (NH) proton. The structure assigned to compounds 4a Á i could be unequivocally established by single crystal X-ray diffraction of compound 4c (26) , as shown in Figure 1 .
Parallel to the recent literature data (7,8,27Á29) , compounds 4a Á i reacted with hydroxylamine hydrochloride in the presence of sodium acetate to yield the amidoximes 5a Á h. It has been found that the reaction completion time was 1 h in refluxing ethanol and 2Á5 min under Mw heating. The structures of the new amidoximes 5a Á h have been elucidated by elemental analyses and spectroscopic measurements. For example, the 1 H NMR spectra of compound 5a revealed the presence of (NH 2 ) protons at d6.52 ppm and a broad singlet signal at d14.21 ppm corresponding to (OH) proton. The IR spectra of compound 5a showed absorption bands at n 03587, 3456, and 3420 cm
(1 due to OH and NH 2 groups, respectively. Upon heating 5 in dimethylformamide (DMF) at reflux temperature for 1 h or under Mw irradiation for 2Á5 min or by utilizing Us irradiation for 1 h at 408C, this compound gave solid products whose structures were assumed to be 6, 7, or 8 (Scheme 3 ).
The structure of isoxazoles 6 was readily ruled out for the reaction products on the basis of spectral data. Thus, the presence of an amide carbonyl absorption in region n 01642Á1658 cm (1 in the IR spectra of the reaction products allowed us to discard the possible structure 6. Moreover, 13 C NMR spectra of the reaction products confirmed the presence of a CO carbon at d :164 ppm. If the reaction product was the isomer 6, it would be difficult to assign this signal. Elemental analysis and spectral data could not unequivocally differentiate the two isomers 7 and 8. Therefore, the 1,2,3-triazolo[4,5-d]pyrimidines 10 was prepared to chemically verify the structure of 7. Reaction of aminotriazoles 7 with dimethylformamide dimethylacetal (DMF DMA), under different reaction conditions, gave the ring-closed 1,2,3-triazolo [4,5-d] pyrimidines 10, via the intermediate 9 (Scheme 3). It is difficult to obtain these reaction products 10 with the isomer 8.
Recently, Elnagdi et al. (2, 7, 30) have reported that refluxing 2-arylhydrazononitriles with functionally substituted alkyl halides afforded 4-aminopyrazole derivatives. Now, compound 4 was next reacted with chloroacetonitrile, under conventional heating, Mw irradiation, and sonication, to afford the 4-aminopyrazoles 13, via the acyclic non-isolable intermediate 12 (Scheme 4). The identity of compounds 13 was supported by correct elemental analyses and mass spectra as well as the IR and NMR spectra which were compatible with assigned structures (see Section ''Experimental''). The reaction times and yields of the products formed via traditional methods were compared with those of Mw and Us irradiation (see Table 1 ).
In conclusion, we have shown that the synthesis of 2-aryl-1,2,3-triazoles and 4-aminopyrazoles from arylhydrazononitriles is better conducted by green methodologies through the avoidance of heating and excessive use of solvents. On the other hand, it should be noted that reactions occur at different temperatures with these techniques and therefore strict comparisons will require a balance between effectiveness and energy costs.
Experimental

General
All melting points were measured on a Gallenkamp electrothermal melting point apparatus and are uncorrected. The IR absorption spectra were measured on a Nicolet Magna 520FT IR spectrophotometer. 1 H and 13 C NMR spectra were recorded in deuterated dimethylsulfoxide (DMSO) or deuterated chloroform (CDCl 3 ) at Bruker DPX 400 MHz 
Preparation of arylhydrazone derivatives 4a Á i
A cold solution of aryldiazonium salt (10 mmol) was prepared by adding a solution of sodium nitrite (1g into 10 mL H 2 O) to a cold solution of arylamine hydrochloride or arylamine nitrate (10 mmol) with stirring. The resulting solution of the aryldiazonium was then added to a cold solution of N-substituted-2-
containing sodium acetate (1 g into 10 mL H 2 O). The mixture was stirred at room temperature for 1 h and the solid product so-formed was collected by filtration and re-crystallized from ethanol. 
Preparation of 5a Á h
Method I (D).
To a solution of hydroxylamine hydrochloride (0.1 mol) and hydrazono-2-cyanoacetamide derivatives 4a Á i (0.1 mol) in ethanol (50 mL), anhydrous sodium acetate (0.1 mol) was added and the reaction mixture was refluxed for 1 h. After concentration and cooling to room temperature, the solid product so-formed was filtered and re-crystallized from ethanol.
Method II (mv).
A mixture of hydroxylamine hydrochloride (0.1 mol), hydrazono-2-cyanoacetamide derivatives 4a Á i (0.1 mol), anhydrous sodium acetate, and drops of ethanol was irradiated under Mw irradiation at 460 W for 1Á5 min, until no starting materials were present (monitored by TLC) in 1-min intervals. The reaction mixture was left to cool to room temperature. The solid product so-formed was filtered and recrystallized from ethanol.
Method III (Us). To a solution of hydroxylamine hydrochloride (0.1 mol) and hydrazono-2-cyanoacetamide derivatives 4a Á i (0.1 mol) in ethanol (50 mL), anhydrous sodium acetate (0.1 mol) was added and the reaction mixture was irradiated under Us irradiation at 408C for 30 min, until no starting materials were present (monitored by TLC). The solid product soformed was filtered and re-crystallized from ethanol.
2-{N-[Hexylcarbamoyl-(N-hydroxycarbamimidoyl)-methylene]-hydrazino}-benzoic acid methyl ester (5a).
Yellow crystals from ethanol; mp 1308C; IR n max cm
(1 : 3587 (br OH), 3456, 3420 (NH 2 ), 3379 (br 2NH), 3097 (CH aromatic), 2955 (CH aliphatic), 1701 (C 0O ester), and 1651 (C 0O amide); 1 
Preparation of triazole compounds 7a Á e
Method I (D). To a solution of compounds 5c and 5e Á h (0.1 mol) in DMF (10 mL), triethylamine (0.1 mol) was added. The reaction mixture was heated under reflux for 1 h. Then, it was left to cool to room temperature. The solid product so-formed was filtered and re-crystallized from ethanol.
Method II (mv).
A mixture of compounds 5c and 5e Á h (0.1 mol) and triethylamine (0.1 mol) was placed in a tightly closed tube and subjected to a Mw irradiation for 1Á5 min until completion of the reaction (monitored by TLC). The reaction mixture was left to cool to room temperature. The solid product so-formed was filtered and re-crystallized from ethanol.
Method III (Us). Triethylamine (0.1 mol) was added to a solution of compounds 5c and 5e Á h (0.1 mol) in Green Chemistry Letters and Reviews 7 DMF (10 mL). The reaction mixture was irradiated under Us irradiation at 408C for 1 h. Then, it was left to cool to room temperature. The solid product soformed was filtered and re-crystallized from ethanol. General method to reaction of triazole compounds 7a Á e with dimethylformamide dimethylacetal (DMF DMA) Method I (D). To a solution of compounds 7a Á e (0.1 mol) in dry xylene (20 mL), DMF DMA (0.1 mol) was added. The reaction mixture was refluxed for 30 min. Then it was left to cool to room temperature, and poured into ice-cold water. The solid product soformed was filtered and re-crystallized from ethanol.
A mixture of compounds 7a Á e (0.1 mol) and of DMF DMA (0.1 mol) was placed in a tightly closed tube, and subjected to a Mw irradiation for 2Á5 min until completion of the reaction (monitored by TLC). The reaction mixture was left to cool to room temperature, and then poured into ice-cold water. The solid product so-formed was filtered and re-crystallized from ethanol. 
2-(4-
Chlorophenyl
X-ray crystallography
A single crystal of compound 4c was obtained by slow evaporation from a mixture of ethanol:DMF (2:1). The crystal structure was solved and refined using maxus (nonius, Deflt and MacScience, Japan) (21) MoÁKa radiation (l 00.71073 Å ) and a graphite monochromator were used for data collection. The chemical formula and ring labeling system is shown in Figure 1 . Crystallographic data ( 
